Opioids excite rather than inhibit sensory neurons after chronic opioid exposure of spinal cord-ganglion cultures.
Tests were carried out to determine if the tolerance that develops in dorsal-horn network responses of mouse dorsal root ganglion (DRG)-spinal cord explants after chronic exposure to opioids could be accounted for by alterations in the excitability and pharmacologic properties of the afferent DRG cells. Intracellular recordings were made from DRG neurons in organotypic DRG-cord explants after chronic treatment with 1 microM D-Ala2-D-Leu5-enkephalin (DADLE) for greater than 4 days in vitro. Acute application of 10 microM DADLE shortened the duration of the Ca2+ component of the somatic action potential (APD) in only 5% of the treated neurons (4 out of 79 cells), in contrast to about 50% of the cells in naive explants (36 out of 74). Thus many DRG neuron perikarya became tolerant to the APD-shortening effects of DADLE. Furthermore, 77% of the treated DRG cells (61 out of 79) showed prolongation of the APD in response to an acute increase in DADLE concentration vs 34% in naive explants (25 out of 74). However, when the DADLE responsivity tests were carried out in the presence of multiple K+ channel blockers, only 20% of the treated DRG neurons showed APD prolongation (3 out of 15 cells), whereas 73% showed APD-shortening responses (11 out of 15 cells). The results suggest that: (1) DADLE-induced APD prolongation of the treated DRG neurons is mediated by opioid receptor subtypes that decrease a voltage-sensitive K+ conductance; (2) the DADLE-induced APD-shortening effects which are unmasked during more complete K+ channel blockade are mediated by opioid-receptor subtypes in the same neuron that reduce a voltage-sensitive Ca2+ conductance (resembling kappa receptors). DRG neurons did not become tolerant to either of these two opioid effects after chronic exposure to DADLE. Opioid shortening of the APD of DRG neuron perikarya has been generally accepted to be a model of opioid inhibition of calcium influx and transmitter release at presynaptic DRG terminals6,52,53,65,75,76. It is postulated that the opioid-induced APD prolongation observed in the present study provides evidence that opioids can also evoke direct excitatory effects on neurons. The enhancement of DADLE-induced excitatory responses and attenuation of DADLE-induced inhibitory responses of DRG neurons after chronic exposure to this opioid show striking similarities to the effects of forskolin or pertussis toxin treatment. These in vitro studies may provide clues to compensatory mechanisms underlying physiologic expression of tolerance to opioid analgesic effects in primary afferent synaptic networks.